tropism is an intrinsic characteristic of strains of T. cruzi of the three biodemes and, probably, results from their clonal composition. Several studies on the clonal composition of T. cruzi have been performed based on biological and isoenzymic characteristics, showing either a clonal homogeneity (Dvorak et al. 1980; Goldberg & Silva 1983; Gomes et al. 1991) or heterogeneity (Engel et al. 1982; Marques & Chiari 1988; Lima et al. 1990) . In previous investigations (Camandaroba et al. 2001) , it has been shown that clones isolated from the Colombian strain at the peak of parasitemia (30th day of infection) disclosed phenotypic homogeneity and high similarity with the parental strain, high resistance to chemotherapy (Camandaroba et al. 2003) as well as the same histotropism (Camandaroba et al. 2001) . Although disclosing a similarity in the phenotypic behaviours, different degrees of virulence were found between the clones. The most virulent clones were identified by early and higher parasitemic levels and high mortality. The same clone presents slender and broad forms in the course of infection, with variations in their percentages; probably an increased number of slender forms in the early phase of infection (14th to 20 days of infection), seen in some isolated clones, results from an early and high multiplication of the parasite. The genetic characterization of the clones has been performed by the schizodeme method (Morel et al. 1980) , by restriction length polymorphism (RFLP) analysis of kinetoplast DNA (kDNA), after amplification by polymerase chain reaction (PCR) of the fragments of kDNA minicircles of T. cruzi (Camandaroba et al. submitted to publication) and have disclosed genotypical homogeneity of these clones.
The parasites originated from the multiplication of one clone in the vertebrate model, can be distributed through several organs and tissues. These observations are not keeping with the recently proposed theory of a 'clonal histotropic model' (Macedo & Pena 1998) , which suggested that each clone of one strain is destined to one specific tissue. These studies were based on the molecular characterization of the clones using the 'low stringence single specific primer' (LSSP-PCR) method. The 'excluding presence' of one genetic population, either in the myocardium or in the digestive tract, was described in several studies (Vago et al. 1996a (Vago et al. , b, 2000 . In the present investigation, a detailed study on the biological behaviour and the histotropism of clones of the Colombian strain, isolated in the 10th day of infection, as well as of two clones isolated in the 30th day, has been performed by direct search of intracellular amastigotes in several organs and tissues by histopathological and immuno-histochemical methods. Results have indicated that cloned populations, isolated by micromanipulation (Dvorak 1985) , from one single trypomastigote blood form, showed a disseminated distribution, combined with a preferential tropism for skeletal muscles, reproducing the behaviour of the parental strain, in which parasitism of multiple organs has also been described.
These results confirm the hypothesis of predominance of a 'principal clone' (Andrade 1999) , in those strains that show clonal homology at the phenotypic and genetic levels, as previously demonstrated with the clones isolated from the 21SF strain (Campos & Andrade 1996 , Campos et al. 1999 .
Materials and methods

Parental strains and clones of T. cruzi strains
For the present investigation, five clones of the Colombian strain, isolated in the 10th day of infection (Col-C8, Col-C10, Col-C13, Col-C14 and Col-C15), and two clones previously isolated (Camandaroba et al. 2001) in the 30th day of infection (Col-C1 and Col-C5) have been used. The clones were obtained by micromanipulation (Dvorak 1985) , by isolating one single parasite, from peripheral blood of mice infected with the Colombian strain of T. cruzi (parental strain). Citrated blood, collected from infected mice, was centrifuged in a refrigerated centrifuge at 900 g, for separation of erythrocytes and leucocytes; the supernatant was examined in a Neubauer chamber for evaluation of parasite concentration. Dilution was performed with PBS, pH 7.2, and drops of 1 ml were distributed in the wells of titration plaques and examined on an inverted microscope. By micromanipulation, a single trypomastigote form was isolated with 1-ml syringe and inoculated into one 8-day-old mouse. From positive animals, successive passages into suckling mice were performed for each clone. Clones were maintained by cryopreservation into liquid nitrogen until re-inoculation into groups of suckling mice for obtaining the inocula for the groups of study. The parental strain was maintained in laboratory by successive passage into mice and inoculated into the study group.
The clones isolated by the 10th day of infection were submitted to biological characterization through the infection of mice, by the evolution of parasitemia on the 7th to 50th day after infection, by the cumulative mortality and isoenzymic profiles of parasites isolated through haemoculture.
Histotropism. It was investigated by examination of several organs and tissues: heart, skeletal muscle, intestinal tract, liver, spleen, spinal cord and sympathetic ganglia.
As control, the parental Colombian strain was studied under the same methods.
Experimental groups. For the parental strain and each clone, one group of 25 Swiss mice weighing 10-15 g was used, in a total of eight experimental groups. One control group was inoculated with the parental strain Col-P.
Inoculum. 1 · 10 5 trypomastigotes blood forms obtained from mice inoculated with each clone or the parental strain were inoculated intraperitoneally into the animals of each experimental group.
Biological parameters. Parasitemic profiles, morphology of parasites in peripheral blood, in the early infection, and cumulative mortality were evaluated in the several groups inoculated with the clones isolated at the 10th day of infection. The clones isolated at the 30th day of infection have been previously characterized under the same parameters (Camandaroba et al. 2001) . Parasitemia was evaluated in five animals from the 7th to the 50th day of infection and expressed as the means obtained in each day. Cumulative mortality was evaluated from the 30-50th day of infection.
Morphology. Evaluation of the percentage of slender and broad forms of parasites in peripheral blood during the course of infection was performed in blood smears stained with May Grü nwald-Giemsa staining method.
Isoenzymic characterization. It was performed according to the method previously described Andrade et al. 1983) ; briefly, parasites from culture in Warren medium were washed four times, with centrifugation at 2000 g in buffer tris-KRT, pH 7.3, and enzymic extracts were prepared and stored into liquid nitrogen as 'pearls'. The following isoenzymes were tested: alanine aminotransferase (ALAT-E.C.2.6.1.2); aspartate aminotransferase (ASAT-E.C.2.6.1.1); glucose-phosphate isomerase (GPI-E.C.5.3.1.9) and phosphoglucomutase (PGM-E.C.2.7.5.1). Electrophoresis was performed according to the method of Miles et al. (1980) .
Statistical analysis.
Means of parasitemia were evaluated between the parental strain and clones in the early phase (12th to 14th days), in the intermediary phase (17th to 19th days) and in the late phase of acute infection (25th day) by the comparative nonparametric Mann-Witney test, using the BIOSTAT program. For comparative evaluation of the mortality of mice infected with the parental strain and clones, a nonparametric Fisher test was applied, using the program EPI INFO 6.
The predominance of slender or broad forms of the parasite in peripheral blood of mice infected with the parental strain and its clones was evaluated in the 14th and 20th days postinfection by the nonparametric test (X 2 chi-square test).
For several tests, the signficance level was of P 5 0.05.
Histotropism. From each experimental group, three mice were sacrificed in the 10th, 14th, 20th, 25th and 30th day postinfection. Complete necropsies were performed, and fragments of the myocardium, skeletal muscle, oesophagus, intestinal tract, spleen and liver were formalin fixed, paraffin embedded and sections stained with haematoxylin and eosin. For the identification and study of the sympathetic ganglia and of the spinal cord, section of the vertebral column at the lombar region was taken. For that, two longitudinal sections were made 0.5 cm away from the vertebral lateral apophyses on each side, and two horizontal cuts as previously described (Souza et al. 1996) . After fixation in 10% formalin, the tissues having the vertebra with the spinal cord in its centre were cut into two to three blocks, decalcified in 5% EDTA and then divided longitudinally, embedded in paraffin and sections stained with haematoxylin and eosin.
Immunohistochemistry for immunolabelling of T. cruzi forms. Paraffin sections were treated with purified, specific anti-T. cruzi IgG produced in rabbits in the dilution of 1 : 300 overnight at 4 C. After three washes with PBS, the tissues were incubated with 1 : 20 dilution of goat normal serum, followed by incubation with peroxidase-conjugated goat anti-rabbit IgG antibody (DAKO P448) in the dilution of 1 : 800 during 30 min at 37 C. The colour was developed with 0.6 mg/ml 3,3 0 -diaminobenzidine tetrahydrochloride (DAB) + 0.012% DMSO and 0.001% H 2 O 2 at room temperature. Sections were counterstained with 1% methyl-green for 15 min, dehydrated and mounted in Canadian balsam.
Results
Parasitemia, cumulative mortality and morphology of parasites
Parasitemia, cumulative mortality and morphology of parasites are expressed in the Figures 1 and 2 for the parental strain and clones C-10 and C-13. Parasitemic peaks varied between the 27th to the 37th day for the parental strain and clones Col-C1, Col-C5, Col-C8, Col-C13 and Col-C15. Earlier peaks occurred with the clones Col-C10 (22th day), Col-C13 (21th day) and Col-C14 (17th day).
Statistical analysis. Comparative analysis of the parasitemic levels between the parental strain and its clones, by the MannWhitney nonparametric test, did not reveal statistically significant differences for the clones Col-C1, Col-C8, Col-C10, Col-C13 and Col-C15 in the early, intermediate or late phases. Significant differences were seen for the clones Col-C5 (P 5 0.04 in the intermediary and P 5 0.04 in the late phases) and Col-C14 (P 5 0.09 in the early phase) ( Table 2) .
Morphological aspects
The majority of the clones showed a predominance of broad forms from the 14th day of infection. However, predominance of slender forms in the 14th day of infection (75%) was detected in the parental strain (Col-P), and a significant number of slender forms was also seen at the 14th day for the clone Col-C14 (48%).
Statistical analysis
Comparative analysis between the percentages of slender and broad forms between the parental strain and its clones in the 14th an 20th days of infection revealed significant differences by the X 2 chi-square nonparametric test, as follows:
Slenders forms. Significant differences were detected between the Col-P strain and the clones Col-C1, Col-C8, Col-C10, Col-C13 and Col-C14 (P-values varied from P 5 0.00001 a P 5 0.001). No significant differences were detected between the Col-P strain and the clone Col-C15 (P 5 0.9).
Broad forms. Significant differences were observed detected Col-P strain and its clones Col-C5, Col-C8, Col-C10, Col-C14 and Col-C15 (P values varied from P 5 0.0000001-0.003). No significant differences were detected between Col-P strain and the clones Col-Col-C1 (P 5 0.3) and Col-C13 (P 5 0.1). Clone Cl-Col-C1 Figure 1 Profiles of parasitemia, cumulative mortality and morphology of parasites in peripheral blood from mice infected with the parental strain (P-Col) and with the clone Col-C1 showing high peaks of parasitemia at the 26th and 29th days of infection, respectively, 100% of mortality until the 40th day and predominance of slender parasite forms in the peripheral blood in an early phase of infection (10th day).
Cumulative mortality
Cumulative mortality varied between the several clones, from 40 to 100%. Statistical analysis of the cumulative mortality (Fischer exact Test) demonstrated significant difference between the Colombian parental strain (Col-P) and the clones Col-C5, Col-C8, Col-C10, Col-C13 and Col-C14 (P 5 0.00005-0.01). No significant difference was detected between Col-P and the clones Col-C1 (P 5 0.7) and Col-C15 (P 5 0.2).
Virulence
The virulence of the several clones and parental strain varied considering the parameters cumulative mortality, survival time and levels of parasitemia. Col-P (parental strain), clones Col-C13 and Col-C14 showed higher virulence than the clones Col-C8, Col-C10 and Col-C15. Clones Col-C1 and Col-C5, isolated in the 30th day of infection, also differed in virulence, as previously demonstrated (Camandaroba et al. 2001) . Clone ColC-C1 showed high virulence, determining high mortality rate (100%) of the infected mice, high parasitemia and presence of slender forms in the 14th day of infection (Figure 1 ).
Isoenzymic profiles
The patterns of isoenzymes ALAT, ASAT, PGM and GPI reproduce the same profiles as seen previously for the Colombian strain and the clones isolated in the 30th day, with the profile of Zymodeme 1 (Camandaroba et al. 2001) .
Histopathological lesions (Figures 3 and 4)
Parental strain and clones. The progressive histopathological study in mice inoculated either with the parental Colombian strain or with the clones isolated from early infection Clone Cl-Col-C13 Figure 2 Two examples of clones isolated from the Colombian strain: Clone Col-C10 showing 60% of mortality and parasitemic peak at 22 days that decreases progressively; Clone Col-C13, higher peaks of parasitemia in the 22th day, increasing until the 28th day, and 80% mortality until the 38th day. Both clones showed a predominance of broad forms of the parasite in the peripheral blood.
(10th day) showed variable aspects, considering the intensity of the parasitism and degree of inflammation in the myocardium and skeletal muscle. These lesions were generally mild or absent at the 10th and 14th day of infection, increasing in severity from the 20th to 25th day and becoming very intense in the 30th day postinfection. The evolution of these lesions was similar to that observed in mice infected with the Colombian parental strain. An increasing severity of the lesions in the myocardium and skeletal muscles was observed with the presence of nests of amastigotes in the myocytes and inflammatory lesions, corresponding to the rupture of the parasitized cells. An intense diffuse infiltration of the myocardium and skeletal muscle with mononuclear cells was seen in the advanced phase of infection (20th to 30th day) (Figure 3a,b) . Paravertebral sympathetic ganglia and para-sympathetic pericardiac ganglia were involved by the inflammatory infiltrate present in the muscles and adipose tissue, but no parasites were found in these structures.
Histotropism. Table 1 summarizes the presence of intracellular amastigotes in several tissues of mice infected either with the parental strain or the clones isolated in the 30th days of infection (Col-C1 and Col-C5) or in the 10th day of infection. Parasites were seen in sections stained with haematoxylin and eosin ( Figure 3 ) and in sections submitted to histochemistry for the identification of T. cruzi forms (Figure 4 ). Parasites were identified in the skeletal muscle and myocardium (Figures 3a,b and 4a,b) ; smooth muscle of the intestinal wall ( Figure 4c) ; macrophages in the spleen and liver ( Figure 3e ,f); in adipocytes ( Figure 3c ) and in satellite and neuronal cells of nervous ganglia of the Auerbach plexus (Figures 3d and 4d) . 
Discussion
Classically, macrophages are the first barrier to T. cruzi invasion after infection, either in man or in the experimental animals. Parasites actively phagocytosed can be destroyed or can develop within the phagocyte cytoplasm. This is followed by dissemination of parasites in the vertebrate organism and their intracellular multiplication in different tissues. The histotropism is a hallmark of the different strains of T. cruzi, and this means a predominance of parasite multiplication into one tissue but not excluding its multiplication in other tissues. Macrophages, skeletal and cardiac muscles, or intestinal smooth muscles are the preferential sites of parasite multiplication. Strains of T. cruzi, which were biologically and biochemically characterized and classified into three biodemes (Andrade & Magalhã es 1997) , showed different histotropism during the acute infection in mice. The predominant tropism of one biodeme is preserved, independently of the mouse strain used as observed with the Colombian strain when inoculated into six different inbred mouse strains: DBA/1, C3H, B/10, BALB/c, AKR and A/J, always presenting a defined skeletal muscle tropism (Andrade et al. 1985) . Concomitantly, parasites are present in low number, in several other tissues, as the spleen, liver, neuronal ganglia, smooth muscles and adipose tissue. In the present study, the same tropism of the parental strain has been observed with the isolated clones.
The clones isolated in the 10th day of infection varied in virulence, evaluated by the mortality indices, survival time and parasitemic levels. Considering these parameters, the parental strain as well as clones C-13 and C-14 were the most virulent, with high mortality and high levels of parasitemia. Predominance of slender forms in the early phase (14th days) indicates a rapid multiplication as has been seen with the parental strain and the clone C-14. This coincided with the presence of macrophagotropism in the spleen and liver. The parameters of infectivity, pathological lesions and histotropism demonstrate the similarity between the clones and respective parental strain. Previous studies from our laboratory have demonstrated the clonal homogeneity of the 21 SF strain, biodeme Type II both at phenotypic characterization (Campos & Andrade 1996) and schizodeme analysis (Campos et al. 1999) . The schizodemes patterns of several clones isolated from the Colombian strain of T. cruzi confirmed the homogeneity of the clones ColP vs. Col-C1 9/9-11/11 100-100 P 5 0.7 ColP vs. Col-C5 9/9-1/13 100-7.6 P 5 0. and suggest the predominance of a 'principal clone' in this strain. These studies indicated that even considering the strains as discrete type unities (DTUs), as defined by Tibayrenc & Ayala (2002) , they presented clear tropism for different types of cells.
In the present investigation, we could demonstrate that clones isolated from the Colombian strain reproduced the pathological involvement of the heart and skeletal muscles as well as the histotropism for the cells of several tissues, as seen with the parental strain, either when isolated from an early phase of infection or at the peak of parasitemia. These data are not in accordance with the theory of the 'clonal histotropic model' that has been described by Macedo & Pena (1998) , followed by others (Andrade et al. , 2002 . In the pioneering studies by Vago et al. (1996a Vago et al. ( , 2000 , they suggested that among the multiclonal population infecting an individual, there could be clones with specific tropism to different tissues. In the study of necropsy specimens, from T. cruzi chronically infected individuals, Vago et al. (1996a Vago et al. ( , b, 2000 have shown the possibility to directly identify in the heart and digestive tract tissues the presence of genetically different parasites by the technique of LSSP-PCR. However, the possibility that these patients had been infected with different strains has not been discharged by the authors. Franco et al. (2003) by inoculating rats with a mixture of two different T. cruzi populations monoclonal JG strain and the CL-Brener clone have shown, at the end of acute phase, the presence in the heart of only JG strain kDNA, while skeletal muscle and rectum exhibited only CL-Brener kDNA. In the chronic infection, JG appeared in the heart and other organs previously parasitized by CL-Brener strain. These results seems to confirm that different strains or clones can present different tropism. However, the presence of the JG monoclonal strain in several tissues is a demonstration that the same clone can parasitize different types of cells, as shown in the present study.
It is known that re-infection can occur in patients living in endemic areas; experimentally, parasites of double infection have been re-isolated from mice infected with different strains of T. cruzi (Andrade et al. 1968; Deane et al. 1984) . In endemic areas, domiciliary invasion by sylvatic triatominae is responsible for the presence of infections with different strains, as it has been shown in patients from Montalvania, MG (Luquetti et al. 1986; Andrade et al. 1992) .
In the present study, we have demonstrated, by direct identification of parasites in the tissues, that clones derived from one single trypomastigote, isolated by micromanipulation and inoculated into mice, determine the parasitism of the cells of different organs and tissues and disclosed the same distribution and histotropism as the parental strains. These findings suggest that the tissue distribution of one clone, similarly to the Colombian parental strain, is ubiquitous and not restrictive.
